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A HOT)ELFOR ANT BODY HEDIATED CELL ACCREGAT

Alan S. Perelson

Theoretical Divioion

ON: ROSETTE FORHATION

University of California
Los AlaMB National Laboratory

Loq Alamfi, New flexico 875L5 USA

Pfodelu ● re develop(!d for the Iomation of cellular aggregates, called rosette~,
compo~ed of a cen-tral lymphocyte ●nd surrounding antibody ~oated red blood crlls.
Kinetic ● nd ●quilibrium ■ odels ● re considered from both the deterministic and
mtochautlc vickQoinlB . An61ytic KO]UliOnB ● re given to the myatem of nonl]near
ordinary differential equations thaL describe Lhr formation of difirrcnl size rosettes
in the cases of both reversible and ir(everaible red cell adheuion. A comparison of
the mtochaatic ❑ odel with experimental data indicste~ thaL there mdy exist hrtcro-
gene~ty within the lymphocyte population wiLh regard to the number of chemical holds
required to bind a red c=ll to a lymphocyte.

1. INTRODUCTION

The adhe+ion of cells mediaLed by bo.h apccific
●nd nonapeci fic inLeractlOnu ia of fundamental
importance in deLerminil,[, the morphology ●nd
physiology of both cell~ nnd multicclldlar
orp,aninmu. [1] As Warren L*WIB put it in 192:
“Were the varioum types of cello to Iooe thri~
atickinrao for one ● noLher ● nd fol- Lhr sup-
porting, ● xtr-cellular while fihcra, retlculi,
● tL. , our borfirs would St once di~inte.gra~e ●nd
flow off inLo the Eround in m mixrrf ● lrcam 01
cctodrmal , ■uscle, menenchymr, cndoLhrlial,
liver, pancreatic, ● nd many oLher l~wu of
cellm.” 12] Dempitr thr fundamental imllortance
of Cell-i-.?ll adhealon, IL haR only hrrll in
recent yearn thaL ri~orouu quanliLntivr modrla
of cell-cell ●dheaion havr I,een developrd.13-i3]
Current modrls trnd :6 ●nalyze in grraL detail
thr inlerart~on beLwecn palro of celln, It
would br of valur to build ul}on Lhc knowlrdgr of
frairwlnr inLeracLiouu ●nd drvrlop ●OdF]R for thr
!O~@liaII Of ❑ulLICF]]Ular 8ggre8ntPM, III thin
paper 1 will carry out Lhiu progrnm for ● vrry
aprcifir came of tnLerent in lrMIIIIIOlORy --
roa?ll? formaliun. A roarLl: conainLn of a
central crll ■urroundcd by ● rlualrr 0[ adhrring
Crllm (Mrr Fig. 1).

Poorttr fommlion is urrd in lrmtIInolosy an aII
●ssay l~~,hniquc for drLrc’tlng tlIe prrnenr’r of

r?ll aurfncr rrt,eptors, ]n Lhr ●ynlrm lrI he
●odrltd, LIIF crnlral CFI1 i~ a lymphocyte ●nd
Lh? surrounding rPIlm arr ~nt ihodv roalpd red
hloori CFIIB (Mlc), An nhown iu tin. I whrn
●ntibody bindn to a f7UC lhr PC l!tjrLion of the
antibody or inanunogloltulln (la) mvlerulr remainn
fr~e , A CPI1 nlich ● n a IYmph{jt’ylr nr a ● a{ru-
pha~? ~hat II-I on iLa ■urfarr Ft retryt orrn ,
i.?. , pI(Itrinn lha( can biIId thr Fc p(trtinn of
JR WIPCUIFB, im rapal)lr of haviIIR ●ntibody
roal?tf RtK ●dhrrr .O fI . AdhrnitIII tJILW@Pll lhr
Mff(’ ●nd thr lymphory(r i- ●~dialvd by the tilIr-
cifir int~ractloll of Fr rr~ioltn on th~ antibody

RBC
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coated red cells and the Fc receptor on tbe
lymphocyte. A rosette .E6aY of this type is
called an EA-rosette as~ because it ●mploys.. ——. —__
●rythrccytefi (red cells) coated with ●ntibody.
E~perimentally, EA-rosette assays are uned to
detect either the presence of Fc rec?ptors on
cells or the presence of specific ❑olecules on
the surface of RBC which the antibody that ccats
the RBC recognizes.

2. ASSUMPTIONS UNDERLYING TffE MODEL

We consider rosettes formed by antibody coated
RBC binding to lymphocytes. we asaume:

a) Rcd cel16 are indistinguishable, and
eLch has y randomly diatrihuted Ig molecules
irreversibly nttached LO its surface. yisa
paraceler of Lhe model, ● n increasing function
of the Ig concentration used in preparing the
●ntibody coated RBC,

b) The lymphocytes thal form rosettes may
bc heterogeneous with respect to the number of
Fc receptors per CC1l. 011 ●ach cell thr equi-
librium binding constant (affinity) of tl~e Fc
receptor~ for IR ifi ansumed Lo be a constrnnL,
bul this affinity may vdry from cell to cell,

c) in ordrr for ● RBC to adhere to a lyr-
phocytr therr musL bc at leabt N Ig moleculrs in
an arra 6A cGnfrontlng Lhe lymphocyte. N prc-
sumahly will very with the number ●nd affinity
of Fc rrccptor~ oil Lhe lymphocyte, 6A may be
the wholr corrlat L area hetwrrn the lymphocyte
and Lhr RflC, or it LiliRllL he a umallrr ●rr,q, such
a~ the ends of microvilli, in which the lg l’c
r~ceplor intrravlion~ arc tnrlfe[llrated.

d) Tlirrr is a maklmllm number, H, of RBC
which rail crowd aro~l,,d a Iyrnpllucylr Lo form a
rohrttr,

r) Alla vhmrnt of suucrs:ivr R13c to a lym-
ph.cytr O(iiirs indrprndenl]y .jf rach other,
rxcrpt lll~l)lur ari hound ~nc~ blo IA smur 01 LhC
lympllocyLc Hurfa.r from furLhrr hindillR.

fiaHFd on thr ahovr akHuml)t ion:+ wr drvrlo~, hoLli
drlrrm[nisli(. aild ~l,()~,h~nlir M, ,1s to prrrfir L
thr dirttril)utioll of lilt’ ,,(lm:mr ~11 NBC attached
prr lyml,llorytr.

3, A STOCNAS’rl C MoDEL

III thr area bA Lllr ●vrragr Il,lmljrr of IE mnl?-
r’ulrg is A = y(6A)/A, whrrr A iri (IIP arra 01 tlIr
rnl irr rrd Crll. I!-raune IR srolrrulrn nrr
●n~umrd LII I)r ralirfornly dinLrlh[ltrrl 1)11 thr MtlL’
nilrfncr, thr prol~nl)lltiy of flndllig n molrt,ulrs
~11 t.hr ● rra 6A im given by Lhe Poinwf,Il dl8Lri-
tsu( i Lln

II -AP(II; A)= ~, r

n-1
p(N,A) = : P(n;A) ❑ 1 - Z P(n;A) . (2)

n=N ❑=O

Many RBC, up to a maximum of M, can stick to a
given lymphocyte. If we assurer thaL ●ach REC
occupies a site ●nd that there are M siLes on a
lymphocyte, then the probability that exactiy m
RBC surround the lymphocyte ir given by the
binomial distribution

PM(N) = (~) P(N,A)m[ l-P(N,A)]H-m (3)

The use of the binomial distribution here is
clearly an approximation. A better model would
allow Lhe red cells LO sterically block each
other IS in the classic car parking problem
[9-10! Refinements of Eq. (3) will be dib-
cussed (,lecwhere,

in ●xpei”iments, a rcsette formin& cell is cOm-
monly defined aa a lymphocyte surrounded by
thrre or more RBC, Adopting thi~ definition in
order LO comptirc theory with exlleriment, we find
thr prch,sbilit.y that a given lymphocyte forms H
rosette 16

2
f’,.06(N) ❑ ! pm(N) ❑ 1 - 2 I,m(N)

m.j m=O
(4)

Equation (4) provides the probahillLy of findll)g
a ronelte around ● lymphncylc which requireh N
]g MOIFL’ul~6 Lo br ill Lhc ● rea 6A rnllfrnnlinfl h
RHC Other lymphorytcs in thr pnpulaLiun may
rrqui rr rn or? than or fewrr thal) N lE in LhI’ are~
6A to allow zLichinB, trecaune of a diffc,cni
number or a diffrlrnL affiniLy of lllrir ~c

rereptor~ , If thr crillcal numhcr N IN dis-
Lrihulrrl rtinrfomly Lhrn URho Ul t hc lympllocy(f.
populati.in with rlintrihutlon t(N), i.r,, f(N) i~
th? fr~ctlnn of lymf)hOi-yLPS Which reqll]rr N IRG
molrctli?n to mediate adhrsirll, Lhe:I thr l)rol)-

rhIl i ty of fin, iin E ally ]ym]lhoryle riur]ollll(lrll lIv
●xactly m WC in

Pm = 1 PM(N)l(N) ,
N

(5)

and LhF pr[)habl]ity that n Iyml]llt,[ytr in n
rOhrLtr forn,inR

H
p =lp=

rom m
m=’.

!,I FIR, 2 wt.

r~ll in

(h)

motlrl I 11 (Illln () I
nmR,[]lj w,, Ii,l,l

lha( hy (-h OORiIIM I(N) ah n 111111(’titt*(l VPIHi Oli of
LhP l) IIlmn[)II (Ilm(ril)litinll willI m?f411 p, wr qrt

rranu~lahle akrrrmrnl tn thr data. we ctlonr Q

trun~al,,,l 1’[,i Urlt)ll [Iiril rihllt 10II It,r tllrrr.
rranotlh, FlrtiL, vr hrlirvrd N Wollld hr dlK-
Lrillutrll ral~dornly Sr(olltl , N im all illlruP1’.



Third, the probability that two cel16
stick with no bonds, or perhapn ● ven
bondm between them, in zerc,. Thu6 we

f(N) = O if N<N
min ‘

‘(N)=N*
if N Z Nmin .

To fit the data in Fig, 2 we chose H

would
● few

mmuume

(7)

= 30,
implying that # ■aximum of 30 red cells cdn
surround ● lymphocyte, which i~ in qualitative
●greement with oboervmtionh. Further io FiC. 2,
N. ❑ 4, implying that ●t leas: two
F?l?e~e~t~;dI~ bonds ● re required to ●ttach a
RBC to a lymphocyte, but that on avers~e fo\\l-
such bondJ ● re required. Bell [14] ~stimateg
that approximately foljr bondfi, ●zch with the
strength of ● typical ●ntigen-antibody bond,
will hold a lymphocyte LO #n ●ndothelial cell in
● venulr subject to J ❑ild fluid flow with a
veiocity of 0,3 cm/secm Thus our ●stimate of u
from the data in Fig. 2 i- within r?ason.
Lastly, the implication of our data fit ia that
lymphocytes #re heterogeneous with respect to
their ah]lity to form roaetlrs with RBC.
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FiSur@ 2: Comparison of the storhastlr tbwory,
● a -iven hy ECi#, (6) ●nd (7), with daLm given in
Fig, 2 of Brckrtt, Bankhurst snd William~. [11]
A s~rieo of experiments were don~. In ●ach, RBC
wrre inrubmtcd with ● differrnt dilution of 1s,
●nd hence ● diff~r~nt mrau conrelitraticn A 01 IR
can b~ asaurmf to b~ in thr area 6A. Because
flerh~tt et s1, did not d~trruln~ thr ahsolut~
amount of JR on ●arh rrll ● n ●rbitrary ●ral~

factor is included in A. In ●ach ●xperimtint the
percentage of lymphncytet that formed rosettes,
i.e., had 3 or more RBC attached, uas recorded.
Tbe ●xperimental curve ●symptote ●t leas then
100% romctte formicg cells, ● ven ●t the highest
concentrations of lg used, indicating that ❑ot
●ll cellz counted ● a lymphocytes were capable of
forming rosettes. Becauae our theory as~umea
●ll,cells ● re potrntial losetLe formin,g rells,
the data waa scaled no that it ●symptote nt
100%. The theoretical curve was generated from
Eqa. (6) ●nd (7) with H = 30, Nmin = 2 ●nd P =
4.

Our work in fitting the model to data is only
preliminary. Chnict=fi for f(N) other Lhan the

truncated Poisson may alno fit the data.
Furtner, analysis of this ●nd other data and the
design of ●xperiments that can more fully test
Lhe theory will be diacuased ●lsewhere.

4. A KINETIC HODEL OF CELL AGGREGATION

In the case that !(N) approaches a delta func-
tion ●nd all lymphocytes can be ~reated as being
identical, kinetic ❑odels bass=d on the law of
maso-action can ●asily be constructed. Considr-
a system in which lynrphoc}tes and RBC collide at
random, RBC reversibly bind to Lhr lymphorytrs,
●nd each lymphocyte can have a maximum of M MC
●ttached. Further ● asumr that th~ initial
concentration of lymphocytes, nT, is suffi-
ciently mall rompared to the inil]al conrrn-
tration of RBC,

‘o ‘
that we ran ignore thr

possibility of multlplr lymphocytes binding to M
singlr NBC. Here precisely, we assurer HII /x
I so that RBC are in ●xcess,

even ~h~, :a:;l

lymphocyte ia completely surrounded hy RflC.

Let n, be th? concentration of lymphocytes with
i RBC1 attached, i ❑ 0,1, ..i,tt, Theu according
to the law of ❑ass-action

dno
...-=
dt

-kltlxno + k-in

dn ~

dr
= ki[tf-(i-l)]xni-l - [kj+, (M-i )x+k.jill,i

+ k.(~+,)(l+l)n,+, . ~=1,,., ,tf-l (n)

dnH
..—=
dt ‘Pt”ntl-l “ ‘-t?% ‘

where x i~ thv cullcentration of unntlnrhrd PI)(:,
and k ●nd k- arr t14r rat~ rnnnlant~ drs~.ril~InE
thra\Lachmrn~ ●nddctnchm~nt. r~~prctlvrly, of
the 1111 R1lC 10 a lymphocyte. Al 1 ~ O, Sl((’)1 =

“o ‘
Thurn



(15)

H
x(t) = X. - Z in. .

i=o 1
(9)

An ●xplicit ●olution to Eq. (8) can be obta~ned

lo ● straightforward manner whr. n k = O. With
;(E) knowm ●nd Siven by Eq. (15): we change
time scales in Eq. (8) so that

One can derive ●ither directly from the law of
ms,m-aczion or from Eqn. (8) ●ud (9) that

dr = i(f)df . (16)
ds -

H
- ’21 k

z = ~=o ~+l(f’f-i)xni ● Z k-iin, . (lo)
i=]

1 Equation (8) becomeu ● linear, constant, co-
●fficient system of ordinary differential equa-
tions. Although one can detemine Lhe ●igen-
value~ of tbe myntem ●nd proceed in the stan-

dard manner, it is more ●fficient to note that
Eq. (8) in the T-time ●cale iu idmtical to the
fomsrd Kolmogorov rqustion for a pure birth
process with birth rate (H-i)kfxo. Using
re@ults in Feller [12] or Prre160n ●nd tlacken

[13] one finds

If we ● ssume that the binding of RBC to ●

lymphocyte iE independent of the number of RBC
#lrrady ●ttzched, then ●ll the k., i=l, . . ..?t.
● re equsl. Similarly, if we aonk that the
rate of dinaoci~tion of ● particular RBC from a
lymphocyte ia independent of the number of other
R~C ●tLached to the same cell, then ●ll the k-i
● re ●qual. Under the condition that

‘T H-i
ii(l) = (~)[1- ●-T]l[e ] ,k ❑

i ‘f D ‘-i=kr ‘ ‘=] ’”-”’p ‘
(11) (17)

Eq. (]0) becomes

dx n-I
Z (tl-i)xni + kr(xo-x) ,

fi=-kfi=o
Laatly. we detemine the dependence of f on f,
To simplify the notation we henceforth only
work with nondimensional time. Thus we drop
the tilde on t. BY integrating Eq. (16) we
find

which b~csu~e of conservation of lymphocyte
further filmplifies to

dm=
dL

- kffl~x + (kr+k,k)(xo-x) .
(18)

Solving Eq. (12) ●ubject to x(0) = XO wc find
Thr submt.itution of Eq. (18) into Eq. (17)
yields

-(Y,-Y2)C
Y1(I-Y2) - Y2(1-Y,)P

ii(r) = - (13). . .— .-. -. ---— ----- ,
-( Y1” Y2)L

1- Y~ “(l- Y,)P
“(t)= ‘~)[:~~:~~~::1[~1’~“-i-‘“)

where 4.2 Reversible Binding

i(c) = Mfr)/Mo ,

c = kfx[)t ,

(lGa)

(14b)

Whep th- binding to the lymphocyte ia rrvern-
ible we uae ● prohsbilintlr lrrhniqu~ dcvrloped
in polymrr chrmistn. Let P(L) be th~ prul)m-
b~l~ty that ● RBC im bound to a lymphocyte ● t
tim t. Thun

‘o - m(t)
p(t) ❑ --- . (20)

a.

In drriving Eq. (8) WP have implicitly ●nsumrd
that ● lymf~hocyLe han H sltra tn which ● RM
ran bind, Let p (1) hF the probnhilily that a
site lo bound. kecaunr x - n(l), lhr rOlICPII-

8 ●q~al thr t-wlIccn-traticn of hound RBC, mu t
tration of ,rrupied mitem,

and

K 6 hr/kfxo , (lfir)

4,1 Irrrv~rnil~lr Binding

% - n(l)

P,,(t) = ~1
- =1,(1) ,

T
a

Uhen RBC bins to the l}~phuryt?r irrrvrrslt,ly,
k E o ●nd he,]r~ K ■ f). In 1111A rnse y] x 0,
y; = l-a ●nd

(21)



Assuing ki = kf ●,nd k-i = k for all i is
●quivalent to amoumng that ther binding of red
cell- to lymphocytes ● re independent ●ventt.
Bec#uce of thin ●amumption the prebmbili:y of a
lymphocyte with i bound RBC iB given by rhe
binomial distribution. Consequently,

iii(t) = (:)[PL(t)li[l - PL(t)lH-i (22)

or

iii(t) ❑ ‘v+i[i(t)~(’-a)ris’23)
where ii(t) in given by Eq. (13).

Ao ● check on Eq. (23), consider the cm-e in
which the reactiona ● re irreversible. Then ~(t)
is given hy Eq. (15). Evaluation of pL(t) shown

●(l-a)t-,

PL(t) =
-T

●(l-a)t-a= 1 - ● ‘

●nd hence the previoun nolution, Eq, (17) iE
obtained.

6.3 Equilibrium Solution

At long times an ●quilibrium dictribytion o!
rosette sizes will be obtsined. Let n. ●nd x
denote the equilibrium values of Hi(t) •~d ~(t),
respectively. From Eq. (23) we c--

and from Eq. (13), aoguming yl > yz ,

.
M =y, ,

A more clucitiating form for the equilibrium size
dioLrihution can be obtnined by melting the time
derivaciven in Eq, (8) 10 zero ●nd solving the
remulting oyntem of ●lgtbraic equatiomt Using
Lhim ●pproach on~ can ❑how ths~

(25)

wher~ K = I/x in ● nondimrnnlonal ●quilibrium
binding ronstant, Further, beraune

M

Z;i=l (26)
i Ro

one finds

.
‘o

s (1 + K;)-H

●nd hence

(~)(td
rli =

(1 + K;)H “
(27)

To see that Eqn. [27) ●nd (24)-are ●quivalent,
we note from Eq. (12) that x tatisfles the
●quation

(i+a- I)OG+l)-IY=O ,

●nd hence

~+iy-] 1—— =— ,

a l+JG

Rearrangement of Eq. (29) shows

(28)

(29)

The substitution of Eqs. (28) .,nd (29) into Eq.
(26) demonstrates its ●quivalence with Eq. (27).

4,6 Experimental Tcut

If ; znd the equilibrium size dl~tribution of
ronrttes :er: meaoured ●xperimentally, then a
plot of n./ni- V- I/i would pr~vide useful
information’. ~rom the theory, Eq. (27), wr
●xpect

(30)

Thus such ● plot should yi-ld a ntrsIghL Iiry
with ●lope (H + l)Kx ●nd y-inLercept - Kx.
Hence troth H, th~ maximum number of RLIC trial can
bind to ● lymphocyte, ●nd K, a ronatant relatrd
to th~ free ●nerBy of binding of ● WC 10 a
lymphocyte, can be determined.

5. DISCUSSION

A ●et of idealizrd modelm havr been devrlmprd
that demcribe the formaliom of EA-ron@’te~,
i.e., ●ntibody m~dlated lymphoryLe - RHC ●xRrr-
galen. The firnl, ● stochastic ❑odrl, wan almrd
at describing the ●quillbrium sizr dintrihuLioll
of ro~rtl~a in term- of p, th- prohahllity thnt
n rrd !)iond cell ●nd ly’mphocytr ntick tugrthcr.
Our m~thod of detrrmlninR p i- r~th~r primitive,
WtI mimp]y am~ume thab if there ● re at Irant N
●ntihodlrs in thr ar~s 8A over which thr lyizphu.
cyt~ ●nd red cell interarL Lhm thr two rrlil:

sdhere. Thlm is clrarly ● 8reaL ●implifiral inn,
but onr that tllown U6 to ●ake correlmiionn with

exp-rlawnial d?ta ●nd yet avoid ●ll thr tfrlailn
of thr lR-Fc r-crptor inL-ractiom. Brll ●nd

collraprn 13-81 havr conntdered thP two CFII



interaction in great detail. Their theories--
which involve the density of Ig molecules on the
red cell ●urface; the density of Fc receptors on
the lymphocyte; the ●ffinity or ●quilibrium
binding constant of the Fc receptor for lg; the
mobility of both the Fc receptor ●nd surface IB,
●nd the nonspecific van der WaalC, ●lectro-
ctatic, ●nd rntropic forces between cellm--csn
be used to calculate the free ●nergy change upon
cellular adhesioo ●nd hence, via ● Boltzmann
distribution, the probability that two celln
●dhere. It would be of interest to compare thir
more detailed spproach with the one uned here.
In particular tbe present model does not ●now
for the possible accumulation of Fc receptors in
contact aress ●nd their depletion from ●xposed
lymphocyte surfsces. This affect ●ay hinder the
formation of large rosettes.

Given thst the probability that two cells ●dhere
ia known, we then used a binomial distribution
to calculate the probability of a rosette of
size ❑ . Two aasumptiona were made here. First,
that n maximum number, Ii, of RBC could simul-
taneously bind to a lymphocyte, ●nd second that
the bindir of RBC ● re independent ●vents. By
looking at roaettee under ● microscope one gets
the impression that at moat 20 or 30 RBC bind to
● lymphocyte. However, brcause RBC ● re readily
deformable, the ❑aximum number that ● r~ actually
obEerved in ● n ●xperir-mt ❑ay depend on the
●xperimental conditions, Thus M should be
viewed ● s an ●djustable parameter that ia
roug,hly zo or 30 but vhoae value ❑ay be somewhat

dependenL on the validity of our second
●asumption--the independence of successive red
cell binding ●vmts. When conditions are such
that only a few RBC bind per lymphocyte, one
would ●xpect that the independence ●ssumption is
rather good, ;;owever, ●a the number of RBC
binding to a lymphocyte increaaea, one would
●xprct steric effects LO become hportant; celln
may havr to deform to fit into ●vailable gaps or
wait until the gaps ●nlarge due to the Brownian
movement of Lhe Fc receptors within the plane of
Lhp lymphocyte membrane, Thus, we expect that
under conditions in which large roacttes ● re
formed morr refined theories may be necessary.

Preliminary ●xploration of the ●bility of this
probabilistic model to ●ccount for the data of
B?ckett et al, [11] indicatrd that sorer dis-
persion In thr value of N was needed. Becauae
of biological variability, it ia not unexpected
to find that different lymphoryt~s ■ight reqwire

different numbers of chemical homds to mrdiatr
red cell ●dhraion. The trunrat?d Poisson which
UP uord, with N = 2 ●nd p = k, ●uggrst~ that
th~ variabllityml% limltrd ●nd that rather few
bonda , lros than 10, ● re r~quired to mediate
●dhpaion, Analycia of further ●nperimrntal data
will tr r?quired to confirm lhia renull.

The ●~cond smrhl that we drvelop?d, thr kin~tir
mndel, iq morr in ronfomity with thr theme of

this section of the conference, nonlinear
dynamica. Under the ●aaumption that the lym-
phocyte population can be treated as homogeneous
●nd the bioding ot ● red cell to ● lymphocyte
codified in terms of ● foward ●nd reverse rate
constant, ● ●et of nonlinear ordinaly differ-
●ntial ●quationa describing the growth of
rosettes was fomulated, Under the ●~sumption

~f independence of red cell binding, these
nonlinear ●quationa were solved ●nalytically,
botb for the dynamic ●nd ●quilibrium behavior of
the aggregation process.

Although we have centered our diacuasion around
rosette fo~ation, it should be clear that the
methods we have developed ● re ●pplicable to ❑any

other ●xamples: ●dheaion between cells of
varioua types, between lipid vesicles, and
between particles such ● s latex beada; all of
which have become of growing interest [cf.
15-21]. From ● ❑athematical viewpoint, our
●nalysia of the kinetic model provides an
●xplicit solution to a problem studied by Gani
[22-23] involving the attachment ●nd detachment
of ●ntibodies to a virus or bacteria, Within
the cuntext of Gani’o work, Eqfi. (15) and (19)
for the kineticc of irreversible binding have
been derived by other means. [23-24]
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